INTRODUCTION {#sec1-1}
============

The discovery, results and success of distraction osteogenesis (DO) in the craniofacial skeleton has spurred many surgeons to undertake this technique for correcting craniofacial skeletal deformities. Many surgeons are however not formally trained in the intricacies of distraction and this may lead to a high number of complications.

Ilizarov, the architect of DO once said, 'There are no complications with the technique, there are only inexperienced surgeons causing problems for their patients'. The technique of distraction is comparatively new for the craniofacial region when compared with the axial skeleton where the experience is more than 50 years old. The first report demonstrating the application of Ilizarov\'s principles to the craniofacial region appeared in 1973.\[[@ref1]\] Although there are anatomic differences between the axial and craniofacial skeletons, the pattern of complications seen in craniofacial DO are quite similar to those seen with axial skeleton orthopaedic procedures. The analysis of the various complications and pitfalls may help to minimise the complications for the beginner endeavouring to perform DO.

This paper will review the pitfalls and complications associated with craniofacial DO in light of its biology, biomechanics and the hardware design of the distractors and would suggest methods to help minimise them in clinical practice.

PHASES AND BIOMECHANICS OF DO {#sec1-2}
=============================

The sequential phases of DO are (a) osteotomy, (b) latency, (c) distraction, (d) consolidation and (e) remodelling. Surgical sectioning of the bone is called osteotomy and it should aim for completeness and maximum preservation of the periosteum. The latency period is the period from bone division to the onset of traction and represents the time allowed for reparative callus formation. The distraction commences after the latency period and is characterised by the application of traction forces to the osteotomised bone segments. The consolidation phase commences as soon as the distraction has been stopped. During this phase, the regenerate converts into bone by the process of mineralisation. Following consolidation phase, remodelling starts, which is the period from full functional loading to the complete remodelling of the newly formed bone. It takes a year or more before the structure of newly formed bone is comparable with that of pre-existing bone.

It is important to understand the above biomechanics of DO as this process causes changes in both the skeletal and soft-tissues. All the soft-tissues including the skin, nerve, muscle are affected by distraction in a particular way and this has bearings on the protocol and surgical technique of distraction\[[@ref2]--[@ref5]\] \[[Figure 1](#F1){ref-type="fig"}\].

![The cascade of cellular events occurring in the osteotomy gap after the bone ends are gradually separated by incremental traction correlated clinically with surgical technique of distraction. The schematic drawings illustrating the events are the same for both axial and craniofacial skeleton. (a) A haematoma is the first event that occurs after an osteotomy. The haematoma is converted to a clot and bone necrosis occurs at the ends of the fracture segments. (b) There is an ingrowth of vasoformative elements and capillaries for the restoration of blood supply along with cellular proliferation. The clot is replaced with granulation tissue consisting of inflammatory cells, fibroblasts, collage and invading capillaries. (c) The granulation tissue is converted to fibrous tissue by fibroblasts leading to the formation of soft callus with distinct zones. (d) The five zonal architecture of distraction regenerate contains radiolucent fibrous interzone, two radiodense mineralisation zones and two radiolucent zones of remodelling adjacent to the residual host bone segments. (e) Gradual corticalization of the remodelling zone. (f) Formation of the medullary canal](IJPS-46-194-g001){#F1}

PLANNING AND EVALUATION FOR DO {#sec1-3}
==============================

Treatment planning for DO requires a detailed clinical examination, cephalometric analysis, dental cast analysis and three dimensional computed tomographic (3D CT) analysis so that a treatment plan is developed based on occlusive and functional goals.

Clinical examination {#sec2-1}
--------------------

Patient is viewed in natural head position, lips relaxed, seated condyle position and first tooth contact. Important anteroposterior, vertical, midline, level and outline features of the face are recorded in an organised fashion \[[Table 1](#T1){ref-type="table"}\].\[[@ref6]\] Once the facial asymmetry is evaluated objectively, the required surgical procedure is planned accordingly.

###### 

Three dimensional clinical facial evaluation form. Important parameters for clinical examination are listed which form the basis for planning the surgical management

![](IJPS-46-194-g002)

Cephalometric analysis {#sec2-2}
----------------------

A variety of cephalometric analyses are available to map the precise location and extent of the deformity. The lateral cephalometric radiographs along with the posteroanterior cephalogram offer an effective tool for evaluating the craniofacial structures in transverse and vertical directions.

Dental cast analysis {#sec2-3}
--------------------

Dental casts provide information on the shape of the arches, symmetry and amount of crowding, curve of spee, shape, number and size of the teeth, diastemata and rotations. Two main methods that are used for cast analysis are direct measurement and occlusogram analysis.

3D CT {#sec2-4}
-----

3D CT allows precise and spatial orientation of the deformed bone, which can be measured and evaluated in all dimensions. Stereolithographic models further help in the precise surgical planning and placement of vector of distraction.

TECHNIQUE AND DEVICES FOR DO {#sec1-4}
============================

The bone cut and sites of pin placement should be marked on either side of the osteotomy. Pin insertion should precede osteotomy making sure that the anchoring pins should be at a plane perpendicular to the surface of the bone. The sharp end of the pin should just breach the opposite cortex for good anchorage \[[Figure 2](#F2){ref-type="fig"}\]. Complete osteotomy should be performed and due care should be taken not to violate underlying unerupted teeth, roots of teeth, neurovascular bundle and other vital structures. The distraction device should be secured using the anchoring pins and a test distraction should be performed intraoperatively to make sure that the fixation of the device and the osteotomy is complete. After a latency period of 3-5 days, distraction should be commenced at a rate of 1 mm/day. Following completion of distraction, the consolidation period of 4-8 weeks is required.

![The incorrect and correct method of pin insertion into the bone. (a) Incorrect method as the pins are not parallel to each other and are also entering the bone at an angle. (b) The sharp end of the pin after correct insertion should just breach the far cortex of the bone. (c) The correct method of putting pins into the bones is that all the pins should be parallel to each other and should enter the bone at a right angle to the surface of the bone to maximise anchorage and purchase into the bone](IJPS-46-194-g003){#F2}

The distraction devices can be classified on the basis of location as external and internal. The external distractors are placed over the skin surface and common ones are the rigid external distractor and the mandibular external distractors.\[[@ref7]\] The internal distractors are placed either submucosally (buried) or extramucosally (intraoral). There have been continuous advancements in the design of distractors for improvements in terms of stability on the bone and the versatility of distraction. The author has developed a three hole unidirectional distractor, which allows unmatched stability on the bone \[[Figure 3a](#F3){ref-type="fig"}\] and a curved mandibular distractor, which allows stabilisation of the segmentally deficient mandible along with simultaneous distraction \[[Figure 3b](#F3){ref-type="fig"}\].\[[@ref8][@ref9]\]

![The three-hole unidirectional external bone distractor. This allows controlled and graduated distraction of the bone utilising the stability and versatility of the three hole pattern of pin placement (patent pending). (b) The mandibular stabilisation and transport distraction system. This allows simultaneous stabilisation and transport distraction of the segmentally deficient mandible (patent pending)](IJPS-46-194-g004){#F3}

ERRORS DURING DO {#sec1-5}
================

It is important to differentiate between errors and complications to better define the scope of complications in craniofacial distraction.\[[@ref10]\] An error is an inattentive action that results in a deviation of the course of treatment thereby leading to the development of a complication. A complication is an unexpected deviation from the treatment plan that without appropriate correction will lead to worsening of the existing, development of a new or recurrence of the initial pathologic process. There is however no correlation between error and complications and one error can lead to many complications. For example, an inappropriately fast rate of distraction can lead to poor regenerate consolidation, non-union or even nerve palsy.

The errors that may occur during DO can be divided into two groups: (a) Iatrogenic errors made by the treating surgeon or other medical personnel and (b) patient related errors are those which are made by patients or their parents. The iatrogenic errors can be further subdivided into (a) primary or strategic errors, which are made during treatment planning, (b) secondary or tactical errors, which are usually made as a result of poor decisions when correcting a developing or previously developed complication. The technical errors are those that are made during a surgical procedure or during application of a distraction device \[[Table 2](#T2){ref-type="table"}\].\[[@ref11]\]

###### 

Errors during distraction osteogenesis

![](IJPS-46-194-g005)

COMPLICATIONS OF DO {#sec1-6}
===================

The complications of distraction can be studied by dividing them into two categories, technical complications and general complications. The technical complications relate to the quality of regenerate, axial deviations, soft-tissue components and infection \[[Table 3](#T3){ref-type="table"}\].

###### 

Technical complications during distraction osteogenesis

![](IJPS-46-194-g006)

Technical complications {#sec2-5}
-----------------------

Some of the common technical complications are described.

### Regenerate disorders {#sec3-1}

This group of complications is the result of inadequate tension applied to the forming regenerate tissues. The regenerate bone formation is also influenced by the soft-tissue interposition or extensive bone segment motion. A hypotrophic regenerate is characterised by a delay in the formation of bone tissue and this type of regenerate may progress to delayed consolidation of the newly formed tissues. Development of partial or hypotrophic regenerate is difficult to control by manipulating the distraction parameters.\[[@ref12]\] The technical errors that may lead to a hypotrophic regenerate include an inappropriately performed osteotomy with damage to the osteogenic tissue and instability of the distraction device, which in turn may also lead to recurring damage to the newly formed regenerate tissues.\[[@ref13][@ref14]\] A hypertrophic regenerate is characterised by an excessive rate of bone formation leading to premature consolidation. This may require a secondary osteotomy to continue with the distraction process.\[[@ref15][@ref16]\] The hypertrophic regenerate tendency can be diagnosed by progressively decreasing width of the interzone, uniform tissue density throughout the intersegmentary gap and a large volume of regenerate tissue. This type of regenerate such as a hypotrophic regenerate can be due to strategic error including use of normal distraction parameters for young children, excessive elevation of the periosteum and instability of the distraction device or application of compression forces between the bone segments during the latency period.

Fractures of the distraction regenerate usually occur during the remodelling period after removal of the distractor. The strategic errors that might lead to fracture include an inadequate duration of the consolidation period, an aggressive functional rehabilitation during remodelling or due to incorrect evaluation of the tissue maturity.

### Axial deviations {#sec3-2}

Axial deviation of the distracted segment in any of the three axes may lead to complications commonly seen during DO.\[[@ref17]\] Axial deviation of the distraction segment may occur due to strategic errors including use of inappropriate size and strength of the device, inadequate osteotomy level or inadequate device orientation. Technical and tactical errors leading to axial deviation include incorrect alignment of the distraction rod, insufficient anchorage of the distractor, over correction of the deformity and an incorrect rate of distraction.

### Soft-tissue overstretching {#sec3-3}

The forces of distraction in addition to helping in distraction of the bone ends may also at times lead to soft-tissue overstretching. The anchoring pins of the distraction device may also cause focal gradual compression. The response of the soft-tissues varies for various types of tissue. Blood vessels have a high degree of adaptation to tension stress and are the ones to appear first in the distraction gap.\[[@ref18]\] Stretching of the blood vessels may create ischaemia in some cases, but this is easily correctable. The incidence of peripheral nerves complications during DO varies between 2% and 15%.\[[@ref19]\] The peripheral nerve damage may occur as a result of direct injury at the time of device application or it may happen due to progressive oedema. The nerves allow stretching up to 15-20% of their length before symptoms of loss of sensation and motor function appear. Muscles tolerate stretching if the amount of lengthening does not exceed beyond 20% of the original segment length.\[[@ref20]\] The first signs of muscle overstretching are limited range of motion, tenderness, joint contracture and pain. In addition to these, other soft-tissues like adjacent joints may also be affected by overstretching. Focal areas of cartilage atrophy and necrosis may occur and lead to dystrophic changes and permanent damage to joint function.\[[@ref21]\]

### Infection {#sec3-4}

The rate of septic complications reported during the application of DO varies between 5% and 30%.\[[@ref18]\] These complications are more due to the application of the external distraction devices and comprise of a range of problems from pin tract inflammation to osteomyelitis.

Specific complications {#sec2-6}
----------------------

The specific complications of DO are categorised as intra-operative, intradistraction and post-distraction. This classification stems from the fact that the process of DO actually extends over a period of time when the bones and the soft-tissues are being manipulated and hence complications may also arise in this period \[[Table 4](#T4){ref-type="table"}\]. The intraoperative complications seen during DO include bleeding, neurosensory defects, inadequate osteotomy, bone fracture and last, but not the least those associated with distraction device. The device associated complications include placement of the device or pins in an unsatisfactory position and complications associated with orientation of the fixation pins.

###### 

Specific complications during distraction osteogenesis

![](IJPS-46-194-g007)

An incomplete osteotomy leads to failure to distract. The commonest sites of incomplete osteotomy are the postero-medial part of the maxillary tuberosity, the vertical plate of the palatine bone in the lateral nasal wall and the incomplete dysjunction of the pterygoids.\[[@ref22]\] It is important to ensure completeness of the osteotomy before applying the distraction device. An incompletely performed osteotomy can be diagnosed by complaints of difficulty in distraction along with pain during distraction. Failure to recognise this leads to undue stress on the fixation pins culminating in either loosening of the pins at the site of bone anchorage or loosening of the pins at their site of distractor clamp anchorage.

Complications associated with the distraction and consolidation periods include inappropriate distraction vector, pin infections, device loosening, device failure, pin tract formation, soft-tissue entrapment, asymmetrical distraction, premature consolidation, dentigerous cyst formation, coronoid process interference, fibrous pseudoarthrosis, paresthesias and trismus. Loosening of the pins is a fairly common complication and is seen with the halo distractors, in which the pins holding the halo frame the skull come loose. Asymmetrical distraction is a troublesome complication of distraction. This occurs in cases where bilateral distraction devices have been applied to correct bone deficiency and one device fails to distract after some time. This commonly occurs in the setting of midface distraction for midface retrusion associated with congenital craniofacial syndromes where internal devices have been placed. The surgeon is left with only two options in this situation, one is to stop the procedure of distraction and let the patient consolidate and the other is to re-explore, diagnose the cause of device jamming and either rectify the cause or put in a new device. A very common cause is soft-tissue entrapment over the exposed threads of the distraction arm in the internal midface devices. The other causes of an asymmetrical distraction are improper adjustment of the device, asymmetric maxillary segments and dense fibrosis in a particular segment.

The post-distraction complications centre around the failure to achieve the planned result. This may be due to appearance of malocclusion, early relapse and poor growth after distraction.

AVOIDING COMPLICATIONS IN DO {#sec1-7}
============================

Some of the common errors and complications with DO are being described with clinical photographs to illustrate the aetiology and clinicoradiologic presentation.

Hypotrophic regenerate {#sec2-7}
----------------------

A hypotrophic regenerate is characterised by delay or lack of mineralisation of the distraction gap \[[Figure 4](#F4){ref-type="fig"}\]. Radiologically, the first sign of this complication is radiolucency in the distraction gap, a wide radiolucent interzone and an irregular density of mineralising zones of the regenerate. Pseudoarthrosis may result as a result of these events during the late consolidation phase or remodelling phase. A hypotrophic regenerate can result from strategic errors including poor patient selection. Patients with vitamin deficiency, malnutrition, metabolic disorders or previous chemotherapy are more likely to end up with this type of regenerate pathology although it may occur in the absence of these preconditions. Hypotrophic regenerate can be prevented by improving the fixation method of the distractor, increasing the latency period, decreasing the rate of distraction and by increasing the consolidation period. Correction of axial deviation of the distracted bone segment needs reversal of the cause of the deviation. This may include replacement of the distraction device, reorienting the entire distraction device, adjusting the parameters of distraction, elastic fixation or even surgical manipulation may also be required if the regenerate has mineralised.

![Posteroanterior skull radiograph of a young female with hemifacial microsomia who had undergone distraction of the mandible. The radiograph shows hypotrophic regenerate with very little mineralisation (indicated by arrow)](IJPS-46-194-g008){#F4}

Cutaneous scars {#sec2-8}
---------------

Cutaneous scars are associated with external distractors and occur in the path of pin movement \[[Figure 5](#F5){ref-type="fig"}\]. These scars can be minimised by pinching the skin between the transcutaneous pins along the trajectory of the device. Secondly, judicious placement of the sites of pins in less conspicuous areas can also reduce the stigma associated with these scars. Cutaneous scars with above precautions usually heal well, but in case of prominent scars they can be dealt the usual methods of pressure, triamcinolone injection therapy or scar revision. Cutaneous scars can be unacceptable sometimes with the external distractors while this complication can be minimised by using internal distractors.

![Cutaneous scar near the end of the distraction period in a young female with the right side hemifacial microsomia who had underwent application of an external distractor for the lengthening of the mandibular ramus. This scar appeared as a result of pin tract infection](IJPS-46-194-g009){#F5}

Misdirected vector of distraction {#sec2-9}
---------------------------------

The vector of distraction needs to be carefully planned so as to maximise the beneficial effects of DO in terms of achieving the functional and occlusal goals. This determination of movement of the osteotomised bone segment is planned preoperatively with the help of clinical examination, cephalometry, model analysis and 3D CT. The vector of distraction also needs to be carefully evaluated during the process of distraction to make sure that the distracted bone is moving along predetermined path \[Figure [6a](#F6){ref-type="fig"} and [b](#F6){ref-type="fig"}\]. More recently, medical modelling and synthes offer the benefits of distraction software, which will show the effects of distraction in any desirable vector preoperatively. A model is produced with guides to allow precise pin placement and vector distraction. Vector errors can be greatly minimised in this approach.

![(a) Young boy with severe maxillary hypoplasia secondary to bilateral cleft lip and palate showing the abnormal downwards vector of pull on the osteotomised maxilla. This was later corrected and the occlusion was restored (indicated by arrow). (b) Lateral cephalogram of the same patient showing the abnormal vector of pull. The maxilla though has been advanced appreciably well in this patient (indicated by arrow)](IJPS-46-194-g010){#F6}

Anterior open bite {#sec2-10}
------------------

Distraction devices for sagittal mandibular advancement if placed parallel to the mandibular plane commonly lead to an anterior open bite \[[Figure 7](#F7){ref-type="fig"}\]. Numerous studies have determined that for sagittal mandibular distraction, the devices should be oriented depending upon the planned vector of distraction.\[[@ref23]\]

![An anterior open bite has been created during the sagittal mandibular advancement as a result of device placement almost parallel to the posterior border of the mandible in lateral X-ray skull (indicated by arrow)](IJPS-46-194-g011){#F7}

Fracture of bone {#sec2-11}
----------------

Fracture or splintering of the bone requiring DO is a relatively uncommon but a difficult complication to manage. Many times, the bone is atrophic and becomes difficult to expose fully for surgical access for drilling the anchoring pins and screws of the distraction device. Fracture of splintering of the bone near the osteotomy may occur due to overzealous drilling, making drill holes too close to the margin of the bone or sometimes it may occur due to unwanted force exerted on the already drilled pins while performing retraction for drilling the other pins on to the bone \[[Figure 8](#F8){ref-type="fig"}\]. A splintered bone near the osteotomy at the time of application of the device is to be avoided as this thwarts the entire process of distraction. It is best treated by keeping the distraction device in the resting position without performing distraction so that the bone is stabilised by the device and heals itself. Once healing is checked clinically and radiologically a repeat osteotomy is needed and the distraction can then be commenced.

![An orthopantogram showing fracture near the left angle of the mandible occurred during application of the external distractor as a result of excessive traction on the anchoring pins in a patient with left mandibular hypoplasia (indicated by arrow)](IJPS-46-194-g012){#F8}

CONCLUSIONS {#sec1-8}
===========

DO is a straightforward procedure provided proper evaluation of the patient and execution of the various steps is performed according to the standard guidelines and protocols. The errors and complications arise whenever prescribed parameters and hardware recommendations are compromised. Majority of the complications can be diagnosed and corrected if recognised early in the course of treatment. The abundant blood supply of the craniofacial region makes these complications less severe than those occurring in the axial skeleton. One must remain open to new devices and techniques, which help in overall reducing the complications associated with DO.
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